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Circulatory arrest is considered a prerequisite for aortic arch
reconstruction in neonates. Extensive aortic reconstruction is
most commonly performed in neonates undergoing the
Norwood operation for hypoplastic left heart syndrome
(HLHS). Given the extensive reconstruction required, circula-
tory arrest times approaching 60 minutes are not uncommon.
We describe a technique of regional low-flow perfusion that
drastically reduces circulatory arrest time during aortic arch
reconstruction and present data documenting its effectiveness.
Clinical summary. A 3.4-kg newborn boy was noted to be
dusky shortly after birth, with oxygen saturations of 80% to
85%. A heart murmur was noted, and echocardiographic eval-
uation revealed HLHS with mitral and aortic atresia and a 2-
mm ascending aorta. On transfer to the neonatal intensive
care unit, he required alprostadil (prostaglandin E1), intuba-
tion, and hypoxic gas mixture to maintain systemic oxygen
saturations of 75% to 85%. He was taken to the operating
room on day 5 after birth.
A Norwood operation was performed with minor modifica-
tions. Arterial blood pressure was monitored by a left radial
artery catheter, and arterial blood gas management used the a -
stat technique. Cerebral oxygen saturation and relative cere-
bral blood volume were obtained with near-infrared spec-
troscopy (NIRS, INVOS 4100; Somanetics Corp, Troy,
Mich).1 On initiation of cardiopulmonary bypass via the
patent ductus through the main pulmonary artery and the right
atrial appendage, the patient was cooled to 18°C. The ductus
was snared around the arterial cannula; the main pulmonary
artery was transected, and the bifurcation was patched with
homograft material. The innominate artery was controlled at
its bifurcation and a 3.5-mm polytetrafluoroethylene* tube
graft was anastomosed end to side for inflow into the antici-
pated modified Blalock-Taussig shunt. This graft was left long
and clamped, and the descending aorta was mobilized well
past the ductal insertion and the site of coarctation.
Cardiopulmonary bypass was halted; the brachiocephalic
vessels were snared, and the patient was exsanguinated into
the reservoir. The arterial and venous cannulas were removed,
and the atrial septectomy was performed through the atrial
appendage. The left radial mean blood pressure was 0 mm Hg.
At this time, the arterial cannula (10F; Medtronic Bio-
Medicus, Eden Prairie, Minn) was inserted into the shunt and
tied into position after careful deairing. While the right com-
mon carotid artery was temporarily occluded to prevent air
embolism, perfusion was initiated 5 mL/kg/min and was
increased every 2 to 3 minutes until cerebral blood volume
approached baseline, reaching a final rate of 60 mL/min (Fig
1). A small metal-tipped “bullet” sucker placed through the
right atrial appendage scavenged blood returning to the heart.
The remainder of the arch reconstruction was performed under
regional low-flow bypass conditions, during which time the
left radial arterial line measured a mean arterial blood pressure
of 20 mm Hg. A bloodless operative field was maintained by
the brachiocephalic vessel snares, the right atrial blood scav-
enger, and a small angled crossclamp on the descending tho-
racic aorta. This distal aortic clamp accomplishes 2 goals. By
elevating the distal-most portion of the aorta to be reconstruct-
ed, visualization and access are improved, and back bleeding
from the descending aorta is prevented.
On completion of the arch reconstruction, the neoaorta and
right atrial appendage were recannulated, and full bypass was
resumed. The patient was weaned from cardiopulmonary
bypass with the aid of a 5 m g/kg/min dose of dopamine, sta-
ble hemodynamics, and systemic oxygen saturations of 75%
to 85%. Total time between cessation and resumption of full
bypass was 58 minutes. Total circulatory arrest time was 11
minutes (for atrial septectomy, decannulations, and recannu-
lations), and total low-flow bypass time was 47 minutes. The
infant recovered uneventfully and was discharged on postop-
erative day 13.
Comment. With the acceptance of the Norwood operation
for the palliation of HLHS, the use of circulatory arrest has
become commonplace in neonatal heart operations. However,
the effect of circulatory arrest on the neonate brain has been
shown to be damaging, and many efforts to protect and pre-
serve the brain during this period are used.2,3 This technique
may replace these efforts by allowing arch reconstruction to
be performed under low-flow conditions. Although Asou and
colleagues4 described a similar technique, they provided no
data to support the contention that the brain was sustained.
Our NIRS data demonstrate the perfusion of the brain with
physiologic blood flow, based on cerebral oxygen saturation
and relative blood volume data.
Although the appropriate perfusion rate and pressure for
the neonatal brain under hypothermic conditions remains
unknown, our data (using relative cerebral blood volume and
delivered by this technique) would suggest that flow rates of
15 to 20 mL/kg/min are satisfactory. Also, cerebral blood vol-
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ume data suggest that we are not over circulating the brain,
risking cerebral hyperperfusion.
A mean arterial blood pressure of 20 mm Hg in the left
radial artery while the right common carotid and right sub-
clavian artery are being perfused supports the speculation
that the neonate possesses a significant network of arterial
collaterals. This is apparent clinically by the low incidence of
paraplegia encountered in neonatal coarctation repair. These
collaterals include not only intracranial connections via the
circle of Willis but also extracranial collaterals, vertebral
arteries, internal thoracic arteries, and intercostal arteries. We
speculate that the brain, a relatively low resistance organ,
receives most of the regional perfusion. This perfusion sus-
tains the brain during arch reconstruction, as evidenced by
our NIRS data. Furthermore, significant backbleeding from
the descending thoracic aorta implies that some somatic per-
fusion is being supplied via the collateral network. Thus our
initial experience leads us to recommend this technique to
minimize circulatory arrest time during neonatal aortic arch
reconstruction.
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Fig 1. Regional cerebral oxyhemoglobin saturation (RCrSO2, top line) and relative cerebral blood volume index
(RCBVI, bottom line) during a Norwood procedure in a 3.4-kg neonate. Both oxyhemoglobin saturations and rel-
ative cerebral blood volumes approach baseline with incremental increases (40 mL, 50 mL, 60 mL) of regional
low-flow perfusion of blood delivered via the anticipated modified Blalock-Taussig shunt during aortic arch
reconstruction. CER PERF, Cerebral perfusion; CIRC, circulatory; CPB, cardiopulmonary bypass.
